Purpose: Portable sleep monitors may offer a convenient method to expand detection of obstructive sleep apnea (OSA), yet few studies have evaluated this technology in vulnerable populations. We therefore aimed to assess the feasibility and acceptability of portable sleep monitors for detection of OSA in a prediabetic, urban minority population.
Obstructive sleep apnea (OSA) is a major public health concern because it is associated with serious sequelae such as hypertension, 1 cardiovascular disease, 2 cerebrovascular disease, 3 insulin resistance, 4 decreased cognitive function, 5 and increased rates of traffic accidents. 6 With general prevalence estimates of 15% in the United States, 7 OSA is seen in even higher rates (50 -78%) in patients who are obese and diabetic. 8 -10 Populations with high rates of obesity and diabetes, such as urban non-White populations, may suffer a disproportionate risk for OSA and its sequelae. 11 OSA has also been linked to the progression of diabetes independent of obesity via activation of the sympathetic nervous system. Each hypoxic event results in a surge of cortisol which over time alters glucose tolerance, thereby speeding progression to diabetes. 12, 13 As rates of these comorbidities continue to rise, so too does the need to implement a feasible strategy for expanding OSA diagnosis. Portable sleep monitors may represent a strategy for increasing detection of OSA, especially in communities with limited access to health care. Our study seeks to explore the feasibility, acceptability, and perceptions of the use of portable sleep monitors in low-income, urban, non-White populations with restricted access to health care. Currently, despite the high and rising prevalence, OSA remains underdiagnosed, particularly in uninsured and other vulnerable populations. 8 This may be because the standard for diagnosis remains overnight inpatient attended polysomnography (PSG), which can be costly, associated with wait times, and uncomfortable for patients. 14 Subjective screening questionnaires, such as the Epworth Sleepiness Scale (ESS) and the Berlin Questionnaire (BQ), although easy to use, have low sensitivity and specificity (ESS, 46% and 60%; BQ, 73% and 44%, respectively), rendering them an unacceptable alternatives for screening. 15 Portable sleep monitors have been validated with a higher sensitivity and specificity (76.9% and 92.5%, respectively) 16 and are gaining momentum after the implementation of a billing code in 2008. 17 Although PSG is the recommended followup for negative portable sleep monitor results in populations with a high-pretest probability to reduce the risk of false negatives, there is no standard for populations with lower risk and low access to PSG. 18 Diagnosis of OSA is important because an effective treatment, continuous positive airway pressure (CPAP), successfully reduces the risk of its sequelae. 7 However, compliance with CPAP is problematic. 19 Therefore, to improve health outcomes, a screening strategy should be coupled with an educational component to motivate people who suffer from OSA to adhere to CPAP. In previous studies, factors associated with adherence to CPAP include the desire to alleviate symptoms, an understanding of medical consequences associated with OSA, and a belief in positive treatment outcomes. 19 As a result, our study also explores the attitudes about portable sleep monitoring and OSA to design a more tailored approach to treatment with CPAP for similar communities in the future.
Objectives
The primary objective of this study was to investigate the feasibility of using portable sleep monitors to diagnose OSA in an urban, non-White, prediabetic population and the population's receptiveness to this technology. Secondarily, we sought to explore the population's understanding of and attitudes toward OSA as well as the expected prevalence to inform future studies.
Methods

Study Design
We conducted a prospective mixed-methods (quantitative and qualitative) study of a convenience sample from a larger study on prediabetes in East Harlem, New York. Local academics, including a physician board certified in sleep medicine, partnered with community leaders using a community-based participatory research approach to design the study and evaluate all materials to ensure they were appropriate for and specific to the East Harlem community.
We recruited participants at their 1-year follow-up appointment for the parent study at community-based sites such as churches, schools, and community organizations. We used the ApneaLinkPlus, which is a type III portable sleep monitor with four leads measuring nasal airflow, snoring, arterial oxygen saturation, pulse, and respiratory effort that has been validated to screen for OSA. 16 Based on the signals recorded, the associated software generates a modified AHI value. With the understanding that portable sleep monitors underestimate the degree of apnea because they use total recording time rather than total sleep time in the calculation, we chose to use this technology. 22 After obtaining informed consent, a trained study coordinator, fluent in English and Spanish, taught participants about OSA and the portable sleep monitor with specifically designed educational tools. All participants also received counseling on healthy sleep hygiene. Before leaving with the device, participants demonstrated their ability to successfully use the portable sleep monitor.
They were instructed to wear the portable sleep monitor overnight and to return it to the study coordinator the next day.
We followed the American Academy of Sleep Medicine Clinical Guidelines for the use of unattended portable sleep monitors. 18 Participants with studies containing Ͻ 240 minutes of valid data were offered one opportunity to repeat the study after reviewing proper monitor use technique and demonstrating proficiency to the study coordinator. A trained and certified polysomnographic technician under the supervision of a board certified sleep medicine physician reviewed the raw data and excluded any time points that did not capture all four leads. The AHI was auto-calculated by the portable sleep monitor and edited by the sleep technician after manual review of the data. Results were stratified by severity of OSA using the American Academy of Sleep Medicine classification system of OSA defined as mild, Ն5; moderate, Ն15; and severe, Ն30 respiratory events per hour. 23 When participants returned to receive their results, they were given the opportunity to participate in a 20-minute open-ended qualitative interview with an interviewer fluent in English and Spanish. After theoretical saturation was reached, we did not continue to offer these interviews.
Participants with no or mild OSA (AHI Ͻ15) were counseled on lifestyle changes to prevent or reduce OSA including weight loss, sleep position, and avoiding alcohol and benzodiazepines before bed. Those with moderate or severe OSA (AHI Ն15) were counseled about the above lifestyle changes and given an auto-titrating CPAP machine donated by Fisher & Paykel Health care, Inc. for treatment of OSA after a mask-fitting session.
All participants completed an ESS and BQ at baseline. After initiating the study, we determined a need for quantitative assessment of the ease and comfort of using the portable monitor. Therefore, we developed a questionnaire and submitted an IRB amendment to our study. The final 24 participants were offered this questionnaire. We also utilized demographic, clinical (mean systolic and diastolic blood pressures calculated from three successive measures at 2-minute intervals in a seated position, and hemoglobin A1c) and survey data including depressive symptoms measured using the Patient Health Questionnaire-8 with the validated cutoff of 10 as a marker for moderate depression from the parent study, collected on the day of enrollment in to our sleep study. 24 Participants received $10 gift certificates to local supermarkets as incentives for each appointment they attended for this study.
Outcome Measures
Our primary outcome measure was feasibility, measured by percentage of machines returned and percentage of patients obtaining Ͼ 240 minutes of reliable data after 1 and 2 attempts. Secondary outcomes included percentage of participants with mild, moderate, and severe OSA, and correlation of OSA diagnosis with the ESS and the BQ as well as comorbid medical conditions.
Statistical Analysis
We analyzed the data using SPSS v22. We conducted means and standard deviations for continuous variables and proportions for categorical variables. We made group comparisons using 2 and student's t tests.
Qualitative interviews were transcribed and translated then manually coded for 19 variables with an inter-rater reliability of 85%. Emergent themes were based on codes and field notes.
Results
We recruited 72 participants over 9 months and all participants completed the study (Figure 1 ). Our demographic data show that our population was predominantly female, Spanish-speaking, undereducated, of low-income, and uninsured (Table 1) . There were no significant differences in demographics of participants who completed qualitative interviews compared with the sample as a whole (P Ͼ 0.1).
Primary Outcome
We found that use of a portable sleep monitor in this population with low levels of income and education was feasible as 100% of machines were returned. Although 15% of participants had to repeat testing due to less than 240 minutes of viable data, all participants were able to achieve this threshold on repeat testing.
We offered questionnaires about the ease, comfort and importance of portable sleep monitors for diagnosis of OSA to the final 24 participants, from whom we collected 23 responses. Of these, 87% (20) recommended the portable sleep monitor for OSA screening, 91% (21) believed they understood how the machine works, and 96% (22) thought OSA testing is important. Participants rated the portable sleep monitor as very easy to use (median score, 2.5; range, 1-5) on a 10-point Likert scale (1 ϭ extremely easy to 10 ϭ extremely difficult). Participants rated the portable sleep monitor as somewhat comfortable (median score, 3.5; range, 1-7) on a 10-point Likert scale (1 ϭ extremely comfortable to 10 ϭ extremely uncomfortable). Our qualitative interviews further support these data revealing that participants found use of portable sleep monitors an acceptable method for OSA detection in their community.
Secondary Outcomes
Based on the modified AHI, we found that 49% (35) of our study population had at least mild OSA (AHI Ͼ5 events/hour). Among participants with OSA, disease severity was 71% (25) mild, 20% (7) moderate, and 9% (3) severe as defined by the American Academy of Sleep Medicine classification. All 10 participants with moderate or severe OSA (AHI Ն15) were offered an auto-titrating CPAP machine and 100% accepted treatment. All 10 participants had used their CPAP machine at least three nights successfully at their 30-day follow-up appointment.
As has been previously shown, a positive score on the ESS defined as Ն10 did not predict OSA (OR, 1.47; 95% CI, 0.4 -5.5) in our study population, nor did the BQ (OR, 0.62; 95% CI, 0.16 -2.44). 15 We analyzed the relationship of OSA (mildsevere) with comorbid conditions and sequelae of OSA ( Table 2 ). The group with OSA (n ϭ 35) was significantly older. In this small population, we did show a significant difference in both mean systolic and diastolic blood pressures, as has been previously shown. 1 We also found a trend toward significance for both depression and BMI, which have also been established in prior studies and may be shy of statistical significance due to our small sample size.
8,10 However, we did not find a statistically significant difference in cholesterol or hemoglobin A1c according to OSA status.
Qualitative Interviews
Qualitative interviews revealed that participants lacked prior knowledge about OSA, but after testing, they could appropriately identify risk factors and felt motivated to change their behavior to decrease their OSA risk. Interestingly, the most commonly reported fear was instant death during sleep.
Commenting on a lack of prior knowledge about OSA, a 56-year-old black male said, "My mind was not even on sleep apnea… sometimes we perish for our lack of knowledge" (Participant 2).
After education and testing, participants also indicated concern that OSA could facilitate the progression to diabetes and other poor health outcomes. One 36-year-old Latina woman said, "I think that [OSA] is something you all need to press, especially in the minority community… if you all show the danger signs of that, diabetes… smoking… overweight…, it should be a more urgent call. I think you need to make this very urgent because they are all intertwined" (Participant 7).
The participants also recognized that weight loss could prevent or reduce OSA and they reported a motivation to lose weight as a result of screening. A 29-year-old Black woman said, "[I need to] keep working on my weight. This kinda gave me another wake-up call, and I am gonna start" (Participant 16).
An impressive majority (62%) of participants expressed fear that OSA would cause them to die in their sleep. A 42-year-old Latina woman said, "I think what really scares or a triggers a problem with me is just the fact that you stop breathing… if it is untreated, it could lead to death, if you stop breathing for any period of time. So it is something like that that would jar me to want to get [treatment]" (Participant 11). Interestingly, although none of our educational materials linked OSA to sudden death, this was the strongest motivator for testing and treatment.
Discussion
We set out to determine whether portable sleep monitors could serve as a feasible method for expanding access to OSA testing in an urban, nonWhite, non-English-speaking population. Our study is unique for several reasons. We evaluated a difficult-to-study population of non-White, non-English-speaking adults with low income and levels of education. Even though minority populations have a higher risk for OSA, they have historically re- 11% (8) 24% (5) Spanish speaking 49% (35) 48% (10) Black race 21% (15) 33% (7) Hispanic 67% (48) 62% (13) Income Յ $30,000 58% (42) 48% (10) Ͻ High school degree 33% (24) 38% (8) No health insurance 40% (29) 24% (5) The participants in our study were mostly middle aged, Hispanic females with a high proportion who speak Spanish. They are of low socioeconomic status with low income, low levels of education, and many lack health insurance. These characteristics are true of both the total group who participated in the study as well as the subset of participants who completed interviews. ceived less testing and treatment. 25 Prior studies have shown promising results for the feasibility of use of portable sleep monitors for the diagnosis of OSA, yet no studies have been conducted among non-White populations. 26 This may be because portable sleep monitors are thought to be complex and difficult to learn how to use, and clinicians may think this would be a barrier to efficacy in the undereducated population we studied, although this was not the case. We had to repeat testing in 15% of the participants due to collection of Ͻ 240 minutes of valid data; however, all participants achieved this threshold with a repeat test. Our results are within the results achieved in prior studies demonstrating poor data quality in 5% to 20% of portable studies. 27 In addition, these monitors are a relatively expensive technology that is sent home with patients, which could present the opportunity for theft or loss, although we had a 100% return of equipment with minimal effort. Thus, this technology may represent a feasible strategy for increasing access to OSA detection in high-risk, underserved communities that may have difficulty accessing traditionally attended polysomnography.
In addition, this is the first study to evaluate the rate of OSA in an overweight/obese, prediabetic population. In this small sample, our team found a high prevalence (49%), which approaches expected rates for patients with obesity and diabetes and is much higher than the national prevalence. 7, 8 Given that our population was predominantly female; this may represent an underestimate of the true prevalence and signifies a need to expand testing initiatives in similar communities to verify these findings. A recent cross-sectional study showed a high prevalence of undiagnosed OSA in the Latino population with a strong correlation with obesity and diabetes. 28 Thus, our study adds to the growing body of literature that supports expansion of testing in these populations which may be at higher risk than previously estimated. 29, 30 Our study provides a rich assessment of the thoughts and fears about OSA in this vulnerable community. Our qualitative analysis supports the use of portable sleep monitors because the participants found use of the monitors acceptable and identified a need for testing in their community. Furthermore, the interviews suggest that education and testing for OSA could motivate weight loss, which may indicate a wider public health implication of testing for OSA.
Qualitative interviews also revealed fears about sudden death during sleep. None of our educational materials indicated that this was a risk of OSA, yet a majority of our participants described this fear. A prior study of Black residents in Brooklyn, New York identified several misunderstandings about OSA but did not characterize fears associated with OSA diagnosis. 31 This illuminates an interesting trend of misunderstanding among vulnerable populations that should be further explored.
Future Studies
Future studies should evaluate how vulnerable populations diagnosed with OSA respond to CPAP treatment, especially given the challenges of adherence in the general population. In addition, studies should evaluate the impact of treating OSA on the progression to diabetes in prediabetic populations.
Limitations
Our small sample was recruited from within an already existing lifestyle modification study, which may have artificially increased compliance and may limit the generalizability of our results. In addition, we provided incentives for each visit, which may have increased compliance and thereby reduce our ability to measure feasibility. Our educational materials were designed for a fourth grade reading level, but this may still exclude those with lower levels of education. Portable sleep monitors have been found to have a lower sensitivity and specificity (76.9% and 92.5% respectively) as compared with attended in-lab polysomnography (100% and 92.5% respectively) potentially distorting our estimated prevalence. 16 Portable sleep monitors underestimate the degree of apnea because they use total recording time instead of total sleep time as a denominator in the calculation of AHI.
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Conclusions
Our study concludes that portable sleep monitors may represent a feasible and acceptable approach for diagnosing OSA in this underserved population with risk factors such as prediabetes and increased weight. In addition, the high proportion with at least mild OSA suggests that there may be a need to expand testing in non-White, overweight/obese, prediabetic populations.
